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1. PURPOSE.

a. Thisdocument provides guidance materid regarding on-board Area Navigation (RNAV) equipment
requirements for operators of U.S. registered civil aircraft, operating in a Basic Area Navigation (BRNAV)
environment in the European region. This document identifies types of RNAV equipment that the Federa
Aviation Adminigtration (FAA) has determined to be acceptable for BRNAV and contains guiddines for
operators using globa positioning system (GPS) equipment as the primary meansfor BRNAV. This
document is one means, but not the only means, of satisfying theintent of ICAO Doc. 9613-AN/937,
Manua on RNP, First Edition, 1994.

b. Regiona Supplementary Procedures contained within Internationa Civil Aviation Organizetion
(ICAO) Doc. 7030/4-EUR, pat 1, Rules of the Air, Air Traffic Services and Search and Rescue, have
been amended to require aircraft operating under Instrument Hight Rules (IFR) in designated European
BRNAYV airspace to meet the accuracy criteria of Required Navigation Performance Type 5 (RNP-5). The
implementation date for this requirement will be announced in publications such as NOTAMs and
Aeronautica Information Publications. The amendment aso requires the State of Aircraft Registry or State
of the Operator to verify conformance of the Air Operators Navigation System to RNP-5and provide
gpproval necessary for arcraft inaBRNAV environment.

2. RELATED CFR SECTIONS. Title 14 of the Code of Federal Regulaions (14 CFR), part 91,
sections 91.205 and 91.703; part 121, sections 121.345, 121.355, and Appendix G; part 125,
section 125.203; and part 135, section 135.165.

3. DEFINITIONS.

a. Area Navigation (RNAV). Thisisamethod which permits aircraft navigation dong any
desred flight path within the coverage of the associated navigetion ads or within the limits of the
capability of salf-contained aids, or a combination of these methods. For the purpose of this AC,
RNAV equipment is congdered to be that equipment which operates by automaticaly determining
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arcraft postion from one, or acombination, of the following sensors with the means to establish and
follow adesired path:

(1) VOR/DME
(2) DME/DME
(3) INS or IRS'
(4 LORANC
(5) GPS

NOTE: Equipment marked with an asterisk (*) is subject to the limitations
contained in paragraph 7d.

b. Class- | Navigation. Class-1 navigation isany en route flight operation or portion of aflight
operation conducted in an area entirdy within the officialy designated operationd service volumes of
ICAO standard airways navigetion facilities.

c. Basic RNAV (BRNAYV). For the purposes of thisAC, BRNAYV isdefined as RNAV, including
the functions described in Appendix 2, that meets atrack keeping accuracy equal to or better than +/- 5
NM for 95% of the flight time (RNP-5). Thisvaue includes signd source error, airborne receiver error,
display system error, and flight technica error. This navigation performance assumes the necessary
coverage provided by satdlite or ground based navigetion aids is available for the intended route to be
flown.

d. Global Positioning System (GPS). ThisisaU.S. space-based postioning, velocity, and time
syster composed of space, control, and user eements. The space element, nomindly is composed of 24
sadlitesin Sx orbital planes. The control eement conggis of five monitor sations, three ground antennas
and amaster control station. The user ement consists of antennas and receiver processors that provide
positioning, velocity, and precise timing to the user.

e. Pseudorange. The distance from the user to a satdlite plus an unknown user clock offset
disance. With four satdllite Sgnasit is possible to compute position and offset distance. If the user
clock offset is known, three satellite sgnals would suffice to compute a position.

f. Receiver Autonomous Integrity Monitoring (RAIM). A technique whereby a GPS
receiver/processor monitors the GPS. Thisintegrity determination is achieved by a consstency check
among redundant measurements.

0. Required Navigation Performance (RNP). Thisisastatement of the navigetion performance
necessary for operation within a defined airspace.
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h. Required Navigation Performance Type (RNP Type). RNP types are established
according to navigationa performance accuracy in the horizontal plane, that is, latera and longitudina
position fixing. Thetypeisidentified as an accuracy vaue expressed in nautica miles (e.g., RNP-5).

4. RELATED READING MATERIALS.

a. AC 20-121A, Airworthiness Approvd of Airborne LORAN-C Navigation Systemsfor Usein
the U.S. Nationa Airspace System (NAS).

b. AC 20-130A, Airworthiness Approva of Navigation or Flight Management Systems Integrating
Multiple Navigation Sensors.

c. AC 20-138 (current edition), Airworthiness Approva of Globa Pogtioning System (GPS)
Navigation Equipment for UseasaVFR and IFR Supplementa Navigation System

d. AC 25-15 (current edition), Approva of FHight Management Systems in Transport Category
Airplanes.

e. AC90-45A, Approva of Area Navigation Systems for Usein the U.S. Nationd Airspace
System.

f. AC 90-94 (current edition), Guidelines for Using Globa Postioning System Equipment for IFR
En Route and Termina Operations and for Nonprecision Instrument Approaches In the U.S. Nationa
Airgpace System.

5. BACKGROUND.

a. Implementation of RNAV is one of the key eements to obtain system capacity improvements and
should dlow airgpace users to benefit from more direct routings and greater fudl savings. In European
arrgpace, RNAV will dlow greeter flexibility in airgpace design and reduce the need to depend totaly on
ground-based point source navigation aids when planning Air Traffic Services (ATS) routes.

b. RNP-5was chosen for theinitia stage of RNAV operations in European airspace to take account
of existing arcraft equipage and the current navigation infrastructure. Only RNAV equipped arcraft having
a navigation accuracy meeting RNP-5 may plan for operations under IFR on the ATS routes of the Hight
Information Regions (FIR)/Upper Information Regions (UIR) and/or designated Standard Instrument
Departures (SID) and Standard Termind Arrival Routes (STAR) infout of Terminal Management Areas
identified in ICAO Regiona Supplementary Procedures Doc 7030/4, paragraph 14.2.1. The RNP-5 value
includes signa source error, airborne receiver error, display system error, and flight technica error. This
navigation performance standard assumes that the necessary coverage provided by satellite or ground
based navigation aidsis available for the intended route to be flown.

c. Joint Aviation Authorities (JAA) first published advisory materid for the Airworthiness Approva
of Navigation Systems for use in designated European airgpace for BRNAV operationsin July 1996.
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This materid was developed by EUROCAE WG-13 and was commonly referenced as AMJ 20X2. In
May 1997, revison 1 to AMJ 20X 2 was expanded to include specific guidance on the approval and
use of GPS-based equipment for the purposes of conducting BRNAV operations.
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d. ThisAdvisory Circular (AC) identifies eigible navigation system types and the criteria that may be
used to determine acceptable means of compliance for U.S. operators conducting Class | navigation in
European BRNAYV airspace. FAA approva of U.S. operators for European BRNAV operationsis
based on consderation of existing systems and previoudy completed airworthiness approvals, as
described in the Airplane Hight Manua (AFM), or an assessment process described in this AC.

6. APPROVAL PROCESSFOR BRNAV. Operators should address the guidance contained in
paragraph 7 on RNAV system equipage, digibility and usage limitations; the genera operating
procedures specified in paragraph 8, the pilot knowledge itemsin paragraph 9, the flight plan
procedures in paragraph 10, and any policy or procedures related to BRNAV operations that are
required by European civil aviation authorities. (Part 91, section 91.703, paragraph (a)(2) requires that
the operator “when within aforeign country, comply with the regulations relating to the flight and
maneuver of aircraft therein foree”). Paragraphs 7b and 7¢ discuss the documents and the processes
that should be used for approva of operators and RNAV systems.

7. OPERATOR/RNAYV SYSTEM APPROVAL FOR BRNAV IN DESIGNATED
EUROPEAN BRNAV AIRSPACE.

a. Aircraft Equipage. An aircraft may be consdered digible for BRNAV approvd if it is equipped
with one or more RNAV systems gpproved and ingtalled in accordance with the guidance contained in
this document. The minimum level of availability and integrity required for BRNAV systemsfor usein
designated European airgpace can be met by asingle installed system comprising one or more sensors,
RNAV computer, control display unit, and navigation display(s) (e.g., HSI, or CDI), provided that the
system is monitored by the flight crew and that in the event of asystem failure, the aircraft retains the
capability to navigate rdative to ground based navigation aids (eg., VOR, DME, and NDB). Aircraft not
suitably equipped will not be permitted to operate in the designated BRNAV airspace.

b. Operator/RNAV System Eligibility Based on the Airplane Flight Manual (AFM)
(Supplement).

(1) Aircraft BRNAV System Eligibility. The arcraft should be considered digible for
BRNAYV operations, if the AFM shows that the navigation system ingtallation has received airworthiness
gpprovd in accordance with one of the following FAA AC's. AC 90-45A,

AC 20-121A, AC 20-130A, AC 20-138, or AC 25-15. The guidance for airworthiness approval
contained in these AC' s provides aircraft navigation performance that is equivaent to RNP-5 or better.
(See paragraph 7d for limitations on design and use of RNAV systemsin European BRNAYV airspace).
Once equipment digibility is established, operator approva should proceed in accordance with

paragraph 7b(2) or (3), as appropriate.

(2) Part 91 Aircraft/Operator Approval. U.S. Part 91 operators should review their AFM to
edablish that it shows RNAV system digibility as detailed in 7b(1). Once RNAV system digibility has
been established, the operator should take steps to ensure that BRNAV operations are conducted in
accordance with the guidance contained in paragraphs 7d, 8, 9 and 10 as wel as any other operational or
argpace requirements that may be established by European authorities. When the operator has
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completed these actions, it may begin to conduct BRNAV operations. A Letter of Authorization
(LOA) isnot required when digibility is based on the AFM. See paragraph 7c for actionsto take if the
operator is not able to determine from the AFM that the aircraft RNAV system has been approved and
ingtaled in accordance with an appropriate FAA AC.

(3) U.S Air Carrier Aircraft/Commercial Operator Approval. 14 CFR part 121, 125 or
135 operators should present the following documentation to their CHDO:  sections of the AFM that
document airworthiness gpprova in accordance with an appropriate FAA AC as detailed in paragraph
7b(1) and training and operations manuals thet reflect the operating policies of paragraph 7d, 8, 9, 10 as
well as any other operational or airspace requirements that may be established by European authorities.
Once the operator has addressed the guidance in these paragraphs to the satisfaction of the CHDO, the
CHDO should update the Operations Specifications to reflect RNP-5 approva. See paragraph 7c for
guidance on actions to take if the operator is unable to determine from the AFM whether the aircraft
RNAYV system has been approved in accordance with an appropriate FAA AC.

c. Eligibility Not Based on the Airplane Flight Manual (Supplement).

(1) The operator may not be able to determine the airborne equipment’ s digibility from the
AFM, or may requireaBRNAYV time limit extension for non-radio updated INS-based RNAV systems
beyond 2 hours. See paragraph 7d(1). In this case, the operator should request that the Hight
Standards Digtrict Office (FSDO) or CHDO assess the RNAV equipment for BRNAYV digibility. The
operator should provide the CHDO or FSDO withthe RNAV system make, modd and part number,
evidence of megting RNP-5 accuracy and the BRNAV requirements defined in Appendix 2, crew
operating procedures, bulletins, and any other pertinent information. If the FSDO or CHDO isungbleto
determine equipment digihility, it should forward the request and supporting data through the appropriate
FAA Hight Standards Regiond Divisonto the Hight Standards Service, Technica Programs Division,
(AFS-400) for review. AFS-400 will advise the FSDO or CHDO of the suitability of the proposed
equipment for BRNAV operations.

(2) For part 91 operations, after the FAA determines that the navigation equipment is digible for
BRNAV/RNP-5 operations based on the documentation provided by the operator, the FSDO will issue
aletter documenting that finding to the operator. For part 121, 125, and 135 operators, the FAA will
edtablish arcraft RNAV system digibility and determine that the operator’ s training and operations
manuds reflect the operating policies of paragraphs 7d, 8, 9, and 10. Once these steps are compl eted,
the Operations Specifications for part 121, 125, and 135 operators may be revised to reflect RNP-5
approval.

d. Limitationson theDesign and/or Use of Navigation Systems. Although the following
navigation sysems have RNAV capability, limitations are required for their use when conducting
operations in designated BRNAV airspace.

(1) Inertial Navigation Systems (INS). Those gpproved INS system ingtallations which
meet the required functiors of Appendix 2, but do not have automatic radio navigation updating of INS
postion, are limited to a maximum 2-hour time limit for operation in designated BRNAYV airspace from
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the time that the system is placed in the navigation mode (NAV SELECT). The FAA will give
consderation to extending the 2-hour time limit for specific INS configurations. The FAA will
coordinate this effort with the JAA. Requedts for time extensions should be submitted with supporting
rationale and data through the appropriate FAA Hight Standards Regiond Divison to the Hight
Standards Service, Technica Programs Divison (AFS-400).

AFS-400 will coordinate the evauation of such requests with the FAA Aircraft Engineering Divison
(AIR-100).

NOTE: Certain INS's perform automatic radio navigation aid updating
after the pilot makes a manual selection of navigation aids. Such systems
are not limited to the 2-hour time limit discussed in 7d(1) provided that the
operator hasestablished proceduresfor pilotsto follow.

(2) Loran C. Useof Loran C, in compliance with AC 20-121A, is considered an acceptable
means to comply with BRNAYV in those areas of European airspace and on routes having acceptable
Loran C coverage. Loran users must refer to the AFM to determine if operational use of the Loran
system is limited to a specified Loran C Operationd Area.

(3) GPS.

(a) GPSDesign. GPS ingalled in accordance with AC 20-138 should provide
pseudorange step detection and health word checking functions in accordance with TSO-C129,
paragraphs (a)(5)(vii)6 and a(6). Compliance with these requirements can be established by one of the
following:

1. A Statement in the AFM(9) that the GPS equipment meets the criteriafor Primary
Means of Navigationin Oceanic and Remote Airspace, or

N

. A placard on the GPS receiver evidencing it meets TSO-129a, or

3. AnFAA letter of design approval for the applicable equipment. Operators should
contact the avionicsingtaler or manufacturer to determine if the equipment complies and if aletter of design
gpprova isavalable. Manufacturers may obtain aletter by submitting appropriate documentation to their
Aircraft Certification office. Operators should keep this letter with the AFM entry as evidence of BRNAV
digibility. Any limitationsincluded in the letter of design approva should be reflected in aletter of finding to
part 91 operators, (see paragraph 7¢(2) or in operations specifications for part 121,125, and 135
operators) or

4. GPS equipment that has been approved in accordance with TSO C-129, but which
does not satisfy the step detection and health word checking, may ill obtain aletter of design approva
for BRNAV. Inthiscase, BRNAV operations are limited to flights where RAIM outages do not exceed
5 minutes. With this regtriction, TSO C-129 equipment is equivaent to equipment that provides step
detection and health word checking. The maximum RAIM outage should not be extended beyond 5
minutes for TSO C-129 equipment.
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(b) Flight Planning Restrictions for GPS. During preflight planning, if 24 satdlites (23 if
baro aiding isincorporated into the GPS ingtalation) are projected to be operationa for the flight, then the
arcraft can depart without further action. If, however, 23 or fewer satellites (22 if baro aiding incorporated),
are projected to be operational, then the availability of GPSintegrity (RAIM) should be confirmed for the
intended flight (route and time). This should be obtained from a prediction program thet is provided in the
GPS unit ingalled in the aircraft, a prediction program run outside the aircraft (such a program should use the
same dgorithms as those in the aircraft GPS units), or from an dternative method considered acceptable to
the Adminigrator after review of JAA comments on the method proposed. (Appendix 1 contains basic
criteriafor RAIM Prediction Programs). In the event of a predicted continuous loss of RAIM of morethan 5
minutes for any part of the intended flight, the flight should be delayed, canceled, or rerouted on atrack where
RAIM requirements can be met. Alternate methods should be submitted for approva through the appropriate
FAA Flight Standards Regiond Division to the Flight Standards Service, Technicd Programs Divison (AFS-
400).

(¢) LossOf RAIM En Route. Inthe event of loss of the RAIM detection function, the
GPS gand-done equipment may continue to be used for navigation as long as the flight crew determines,
by cross checking other on-board navigation systems, that the GPS system is continuing to provide an
acceptable level of IFR navigation performance. Otherwise, the flight crew should notify ATC and revert
to an dternative means of navigation (eg., VOR, DME, or NDB).

(d) ActionsWhen Failure Detected. Inthe event of a detected failure (including
detected failure of satellites for GPS-based RNAV systems), the flight crew should notify ATC and
revert to an aternative means of navigation.

(e) Availability of VOR, DME, OR ADF. VOR, DME or ADF capability should be
installed and operative cons stent with the applicable operating rules (e.g., parts 91, 121, 125, and 135)
and intended route-of-flight to ensure availability of a suitable aternative means of navigation in the event
of GPSRNAV sysem falure.

8. BRNAV OPERATING PROCEDURES (GENERAL). For BRNAV operations, theflight
crew should be familiar with the norma operating procedures and the contingency procedures detailed
in paragraphs 8a and 8b.

a. Normal Procedures. The procedures for the use of navigationa equipment on BRNAYV routes
should indude the following:

(1) When anavigation database isindaled, the database vdidity should be checked before the
flight.

(2) Other NAVAIDs (eg., VOR, DME, and ADF) should be selected so asto alow
immediate cross-checking or reverson in the event of loss of RNAV capability.

b. Contingency Procedures. Theflightcrew should be familiar with the following generd provison:
Pilots should notify ATC of conditions (e.g., equipment failures and weether conditions) that may affect the
ability of the arcraft to maintain pogition within the desgnated BRNAV arspace. In this case, flight crews
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should gtate their intentions, coordinate a plan of action, and obtain arevised ATC clearance. If unableto
obtain an ATC clearance prior to deviaing from the BRNAV airspace, the flight crew should follow
established contingency procedures, as defined by the region of operation, and obtain an ATC
clearance as soon as possible.
9. PILOT KNOWLEDGE. Pilots should be knowledgegble in the following aress:

a. RNP definition asit relatesto BRNAV requirements in European airspace;

b. Airgpace where RNP-5 is required;

c. Changesto charting and documents to reflect RNP-5;

d. Navigation equipment required to be operationa for flight in designated BRNAV airspace,
limitations associated with the RNAV equipment;

e. Hight planning requirements;

f. Contingency procedures (e.g., for equipment failure);

0. Enroute, terminad, and approach procedures applicable to RNAV; and

h. Theinformation in this advisory circular.
10. FLIGHT PLANS. U.S-regigered arcraft filing flight plansinto European BRNAV designated
airspace are expected to meet the European BRNAV airspace requirements. Operators should
indicate approval for BRNAV/RNP-5 operations by annotating block 10 (Equipment) of the ICAO
flight plan with the letter “R.” If there are any other flight plan annotations required by individud Steates,
operators should make appropriate annotations.
Origind Signed By:

Thomeas E. Stuckey
Acting Manager, Flight Standards Service
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APPENDIX 1. GPSINTEGRITY MONITORING (RAIM)
PREDICTION PROGRAM

Where a GPS Integrity Monitoring (RAIM) Prediction Program is used as a means of compliance with
paragraph 7d(3)(b) it should meet the following criteria

1. The program should provide prediction of availability of the integrity monitoring (RAIM) function of
the GPS equipment, suitable for conducting RNP-5 (BRNAV) operations in designated European
airspace.

2. The prediction program software should be developed in accordance with at least
RTCA DO 178B/EUROCAE 12B, level D guiddines.

3. The program should use either a RAIM agorithm identical to that used in the airborne equipment, or
an agorithm based on assumptions for RAIM prediction that give a more conservetive result.

4. The program should caculate RAIM availability based on a satellite mask angle of not lessthan 5
degrees, except where use of alower mask angle has been demonstrated to be acceptable to the
Adminigrator.

5. The program should have the capability to manudly designate GPS satellites which have been
notified as being out-of-service for the intended flight.

6. The program should alow the user to sdlect:
a. Theintended route and declared dternates,

b. Thetime and duration of the intended flight.

Page 1 (and 2)






AC 90-96
03/20/98 Appendix 2

APPENDIX 2. REQUIRED FUNCTIONS
The following system functions are the minimum required to conduct BRNAV/RNP-5 operations:

1. Continuous indication of arcraft pogtion relaive to track to be displayed to the pilot flying on a
navigation display Stuated in his primary fidd of view;

NOTE: In addition, where the aircraft type certificate requires more than one
pilot, information to verify aircraft position must be displayed in the non-flying
pilot’s primary field of view.

2. Display of distance and bearing to the active (To) waypoint;

3. Display of ground speed or time to the active (To) waypoaint;

4. Sorage of waypoints, minimum of 4; and

5. Appropriate falure indication of the RNAV system, including the sensors.
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